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Materials with appropriate combinations of multifunctional properties (strength,
toughness, electrical conductivity and piezoelectricity) together with desired biocompatibility
are promising candidates for biomedical applications. Apart from these material properties,
recent studies have shown the efficacy of electric field in altering cell functionality in order
to elicit various cell responses, like proliferation, differentiation, apoptosis (programmed cell
death) on conducting substrates in vitro. In the above perspective, the current work
demonstrates how CaTiO3 (CT) addition to Hydroxyapatite (HA) can be utilised to obtain
an attractive combination of long crack fracture toughness (up to 1.7 MPa.m1/2 measured
using single edge V-notch beam technique) and a flexural strength of 155 MPa in addition
to moderate electrical conductivity. The enhancement of fracture toughness in HA-CT
composites has been explained based on the extensive characterization of twinned
microstructure in CT along with the use of theoretical models for predicting the
enhancement of toughening through crack tip tilt and twist mechanisms.
Subsequent in vitro studies on HA-CT composites with human Mesenchymal Stem
cells (hMSCs) in the presence of electric field has shown enhanced differentiation towards
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bone like cells (osteogenic lineage) as evaluated by ALP activity, Collagen content and gene
expression analyses through Polymerase Chain Reaction (PCR) at the end of two weeks. he
extracellular matrix mineralization analysis at the end of 4 weeks of hMSC culture further
substantiated the efficacy of electric field as a biochemical cue that can influence the stem
cell fate processes on conducting substrates. The electric field stimulation strategy was also
implemented in in vitro studies with C2C12 mouse myoblast (muscle) cells on elastically
compliant poly(vinylidene difluoride) (PVDF)-multiwall carbon nanotube (MWNT)
composite substrates. PVDF is a piezoelectric polymer and the addition of MWNTs makes
the composite electrically conducting. Upon, electric field stimulation of C2C12 mouse
myoblast cells on these composites, has been observed that in a narrow window of electric
field parameters, the cell viability was enhanced along with excellent cell alignment and
cell-cell contact indicating a potential application of PVDF-based materials in the muscle
cell regeneration.
In an effort to rationalise such experimental observations, a theoretical model is
proposed to explain the development of bioelectric stress field induced cell shape stability
and deformation. A single cell is modelled as a double layered membrane separating the
culture medium and the cytoplasm with different dielectric properties. This system is
linearized by invoking Debye-Huckel approximation of the Poisson-Boltzmann equation.
With appropriate boundary conditions, the system is solved to obtain intracellular and
extracellular Maxwell stress as a function of multiple parameters like cell size, intracellular
and extracellular permittivity and electric field strength. Based on the stresses, we predict
shape changes of cell membrane by approximating the deformation amplitude under the
influence of electric field. Apart from this, the shear stress on the membrane has been used
to determine the critical electric field required to induce membrane breakdown. The analysis
is conducted for a cell in suspension/on a conducting substrate and on an insulating
substrate to illustrate the effect of substrate properties on cell response under the influence
of external electric field.
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